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Fastness propertiesAbstract Dibenzobarallene was used as a key intermediate for the synthesis of 2-(3-hydroxy-
2-naphthoyl)-3,4,4a,5,10,10a-hexahydro-1H-5,10-benzenobenzo[g]phthalazine-1,4-dione (2). The
previous compound was coupled with the appropriate diazonium chloride to give the corresponding
4-arylazo-2-naphthol derivatives 3a–l. Also, nitration, nitrosation and bromination of compound 2
afforded the corresponding nitro, nitroso and bromo derivatives 4–6, respectively. The synthesized
compounds were established and evaluated as antibacterial agents. The results showed clearly that
compounds 2, 3a, 3c, 3d, 3g, 3i, 4, 5 and 6 exhibited interesting high activities compared with ref-
erence drugs. Also, these compounds were applied to polyester as disperse dyes in which their color
measurement and fastness properties were evaluated.
ª 2012 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
Some 3-hydroxy-2-naphthoic acid hydrazide derivatives are re-
cently been reviewed. The considerable biological activities of 3-hydroxy-2-naphthoic acid hydrazide derivatives are responsible
for this interest (Dogan et al., 1998, 2002; Duran et al., 2002).
Furthermore, the chemistry of these structures is very interest-
ing in which 1,2,4-triazoline-5-one and 1,3,4-thiadiazole rings
can be obtained from these compounds (Dogan et al., 1998).
The investigations showed that 1,4-disubstituted-thiosemicar-
bazide, 1,2,4-triazole and 1,3,4-thiadiazole derived from 3-hy-
droxy-2-naphthoic acid hydrazide were reported to exhibit
antimicrobial activity (Dogan et al., 1998). Therefore, sixteen
original (3-hydroxy-2-naphthoyl)-3,4,4a,5,10,10a-hexahydro-
1H-5,10-benzenobenzo[g]phthalazine-1,4-diones derived from
3-hydroxy-naphthoic acid hydrazide were synthesized. The syn-
thesized compounds were established on the basis of elemental
analyses and spectral data and evaluated as antibacterial agents.
Also, these dyes were applied to polyester fabric as disperse dyes
166 A.E.-G.M. Khalil et al.in order to evaluate their color measurement and fastness
properties.
2. Results and discussion
2.1. Chemistry
The synthetic procedures adopted to obtain the target com-
pounds are depicted in Schemes 1 and 2. The starting dib-
enzobarallene (1) was prepared according to the previous
reported methods (Clar, 1931), reﬂuxing of 1 and 3-hydroxy-
2-naphthoic hydrazide in DMF afforded phthalazinedione
derivative 2. The IR and 1H-NMR spectra have characterized
the structure of this compound. The IR spectrum exhibited
bands at m 3316, 3174 (NH, OH) and 1796, 1730, 1652 cm1
(3CO). Its 1H-NMR spectrum showed characteristic signals
at d 3.6 (s, 2H, C11-H, C12-H), 4.9 (s, 2H, C9-H, C10-H),
7.1–8.3 (m, 14H, Ar-H), 10.6 (s, 1H, NH) and 11.1 ppm (s,
1H, OH).
Recently some derivatives of 4-hydroxyazobenzene dyes
with heterocyclic systems on different ﬁbers have been re-
ported (Fadda etal., 1990, 1991, 1995a). Consequently, coupling
of various diazotized aromatic amines with 2 in aqueous so-
dium hydroxide was explored to the synthesis of new dispersed
azo dyes 3a–3l. The hydrazone tautomer of the structure is fa-
vored than the azo-tautomer structure (Metwally et al., 2008;
Kaupp et al., 2003). The IR spectra of the structure 3a–l
showed bands at m= 3281–3152 (NH, OH), 1735–1660 (CO)
and 1554–1550 cm1 (N‚N). The 1H-NMR spectrum of 3a
showed signals at d: 3.3 (s, 2H, C11-H, C12-H), 4.9 (s, 2H,
C9-H, C10-H), 7.1–8.4 (m, 18H, Ar-H), 10.9 (br s, 1H, NH),
16.3 ppm (br s, 1H, NH, hydrazo). Also, the 1H-NMR spec-
trum of 3b displayed the characteristic signals at d 2.4 (s,
3H, CH3), 7.1–8.8 (m, 17H, Ar-H), 10.8 (s, 1H, NH) and
16.9 (s, 1H, NH of hydrazone). Moreover, the 1H-NMR spec-O
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Scheme 1 Synthesis of phthalazinedione derivative 2 andtrum of 3c revealed signals at d 2.4 (s, 3H, CH3), 3.4 (s, 2H,
C11-H, C12-H), 4.9 (s, 2H, C9-H, C10-H), 7.2–8.4 (m, 17H,
Ar-H), 10.9 (br s, 1H, NH), 16.8 ppm (br s, 1H, NH, hydrazo).
Furthermore, the 1H-NMR spectrum of 3d displayed signals at
d 2.4 (s, 3H, CH3), 3.3 (s, 2H, C11-H, C12-H), 4.9 (s, 2H, C9-H,
C10-H), 7.2–8.5 (m, 17H, Ar-H), 10.8 (br s, 1H, NH), 16.3 (br
s, 1H, NH, hydrazo). The 1H-NMR spectrum of 3e revealed
signals at d 3.9 (s, 3H, OCH3), 10.8 (s, 1H, NH) and 16.6 (s,
1H, NH of hydrazone), in addition to other signals at the ex-
pected chemical shift. Moreover, the 1H-NMR spectrum of 3f
showed signals at d 3.4 (s, 2H, C11-H, C12-H), 3.9 (s, 3H,
OCH3), 4.9 (s, 2H, C9-H, C10-H), 7.0–8.7 (m, 17H, Ar-H),
10.9 (br s, 1H, NH) and 16.5 ppm (br s, 1H, NH, hydrazo).
Furthermore, the 1H-NMR spectrum of 3g displayed signals
at d 3.3 (s, 2H, C11-H, C12-H), 3.9 (s, 3H, OCH3), 4.8 (s, 2H,
C9-H, C10-H), 7.2–8.3 (m, 17H, Ar-H), 11.0 (br s, 1H, NH)
and 16.7 ppm (br s, 1H, NH, hydrazo). The 1H-NMR spec-
trum of 3h revealed signals at d 3.4 (s, 2H, C11-H, C12-H),
4.8 (s, 2H, C9-H, C10-H), 7.1–8.6 (m, 17H, Ar-H), 10.6 (br s,
1H, NH) and 16.2 ppm (br s, 1H, NH, hydrazo). Also, the
1H-NMR spectrum of 3i displayed signals at d: 3.5 (s, 2H,
C11-H, C12-H), 4.9 (s, 2H, C9-H, C10-H), 7.3–8.6 (m, 17H,
Ar-H), 10.7 (br s, 1H, NH) and 16.3 ppm (br s, 1H, NH, hy-
drazo). Furthermore, the 1H-NMR spectrum of 3j revealed
signals at d 3.5 (s, 2H, C11-H, C12-H), 4.9 (s, 2H, C9-H, C10-
H), 7.2–8.7 (m, 17H, Ar-H), 11.0 (br s, 1H, NH) and
16.3 ppm (br s, 1H, NH, hydrazo). The 1H-NMR spectrum
of 3k displayed signals at d 3.3 (s, 2H, C11-H, C12-H), 4.8 (s,
2H, C9-H, C10-H), 7.1–8.1 (m, 17H, Ar-H), 11.1 (br s, 1H,
NH) and 16.1 ppm (br s, 1H, NH, hydrazo). Furthermore,
the 1H-NMR spectrum of 3l displayed signals at d 1.4 (t,
3H, CH3, J= 7.2 Hz), 4.4 (q, 2H, CH2O, J= 7.2 Hz), 7.1–
7.6 (m, 17H, Ar-H), 10.6 (s, 1H, NH) and 16.3 ppm (s, 1H,
NH of hydrazone). The (+)-ESI mass spectrum of 3b showed
two quasi-molecular ion peaks at 601 ([M+Na]+) and 1179DMF
N2+Cl-
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Novel bioactive dyes for dyeing polyester fabrics 167([2 M+ Na]+) pointing 578 as the molecular mass of the com-
pound. Moreover, the (+)-ESI mass spectrum of 3l showed
two quasi-molecular ion peaks at 659 ([M+Na]+) and 1296
([2 M+ H+Na]+), the ()-ESI mass spectrum showed one
quasi-molecular ion peak at 635 ([M-H]) pointing 636 as
the molecular mass of the compound 2-[naphthalene-3-hydro-
xy-4-nitro-2-carbonyl]-2,3,4,4a,5,10a-hexahydro-5,10-benze-
nobenzo[g] phthalazine-1,4-dione (4) which was formed by
nitration of 2 in glacial acetic acid.
The spectral data of compound 4 were consistent with its
structure. The IR spectral showed a broad band around m
3240, 3170 cm1 (NH, OH) groups, strong bands at m 1696,
1650 and 1550, 1308 cm1 due to carbonyl and NO2 groups.
Its 1H-NMR spectrum displayed two broad singlet signals at
d 10.3 and 11.3 ppm corresponding to (NH) and (OH) pro-
tons, respectively. Furthermore, its mass spectrum showed
the molecular ion peak at m/z 605 (M+) corresponding the
proposed molecular weight (C29H19N3O6) and the main peaks
at m/z 505, 459, 204, 202, 178 and 77 due to (M+),
(M+NO2), ethanoanthacene, ethanoanthacene-2H, antha-
cene and phenyl, respectively.
Treatment of 2 with NaNO2 in glacial acetic at 90 C gave
the corresponding nitrozo derivative 5. The structure of 5 was
established by the IR and mass spectra. The IR spectrum
clearly indicated the presence of NH and OH absorption bands
at m 3248 cm1, absorption bands due to carbonyl groups at m
1728 and 1650 cm1 and NO absorption band at 1478 cm1.
Also, its 1H-NMR spectrum displayed two broad singlet sig-
nals at d 10.2 and 11.3 ppm due to (NH) and (OH) protons,
respectively. The mass spectrum of the nitroso derivative 5
showed its molecular ion appeared at m/z 459 (M+NO).
The molecular ion loss fragment of anthracene resulted in
the predominate fragment at m/z 311 corresponding to the
molecular weight of (C15H9N3O5). On the other hand, the
molecular ion peak of 5 losses the fragment of (C11H6NO3)
which is related to the fragment at m/z 289. These ions split
into further fragment ion as shown in the experimental part.A suspension of 2 in acetic acid was treated at 80 C with
bromine to afford the monobromo derivative 6. The structure
of 6was established via analysis and spectral data. The IR spec-
trum exhibited bands at m 3442, 3182 cm1 due to OH, NH and
(1726, 1660 cm1) corresponding to carbonyl groups. More-
over, its 1H-NMR spectrum displayed two broad singlet signals
at d 10.7 and 11.3 ppm due to (NH) and (OH) protons, respec-
tively. Furthermore, its mass spectrum showed the molecular
ion peak at m/z 540 (M++2) and 538 (M+). The molecular
ion losses bromine atom so it showed the corresponding peak
at m/z 459. The other important fragments are 313, 250, 178,
171 and 55 (Scheme 3).
168 A.E.-G.M. Khalil et al.2.2. Dyeing of polyester fabrics and dyeing properties
2.2.1. Color measurement
The effect of nature of different substituents on dyeing behav-
ior, color hue and depth was investigated. This investigation
depends on some spectral data of the dyed materials. The most
commonly used function f(R) is that developed theoretically by
Kubelka and Munk. In their theory, the optical properties of a
sample are described by two values ‘‘K’’ is the measure of the
light absorption, and ‘‘S’’ is a measure of the light scattering.
On textiles, ‘‘K’’ is determined primarily by the dyestuffs and,
‘‘S’’ only by the substrate. From the wave length Kubelka and
Munk calculate the following relationship for reﬂectance R of
thick, opaque sample with the constant of ‘‘K’’ and ‘‘S’’:
K=S ¼ ð1 RÞ2=2R ð1Þ
In this equation R is used as a ratio, e.g. 32% reﬂectance as
0.32. The K/S value at kmax was taken as a measure of color
depth. On the other hand, the psychometric coordinates (L*,
a*, b*) for each dyed sample were obtained which illustrate
the color hues, where ‘‘L*’’: the lightness ranging from 0 to
100 (0 for black and 100 for white). ‘‘a*’’: the red-green axis,
(+) for red, zero for gray and () for green. ‘‘b*’’: the yellow
–blue axis, (+) for yellow, zero for gray and () for blue. The
parent dyestuff in each group is taken as the stander in color
difference calculation (DL*, DC*, DH*, and DE) (Khalil et
al., 2009, 2010; Fadda et al., 1995b). The results are measured
using CIE-LAB techniques and given in Table 1, where DL*:
lightness difference, DC*: chroma difference, DH*: hue differ-
ence and DE: total color difference. The negative sign of DL
indicates that the dyed ﬁber becomes darker than the stander
but, a positive sign indicates that the dyed ﬁber become lighter
than the standard. The negative sign of DC indicates that the
dyed ﬁber becomes duller than the stander but, a positive sign
indicates that the dyed ﬁber become brighter than the stan-
dard. The negative sign of DH indicates that the color directed
to red color while, a positive sign indicates that the color direc-
ted to yellowish direction.
The values of K/S in group 3a-l vary from 8.04 to 28.24.
The introduction of methoxy and chloro group in dyes 6c
and 3h increases the strength of K/S value and deepens the col-
or compared with the parent dye 3a (Table 1). The +ve valuesTable 1 Optical measurements of compounds 3a–l.
Dye R% a* b* L* C*
3a 1.93 47.4 42 43.9 63.3
3b 5.19 47.3 27.8 49.9 54.9
3c 5.71 52.7 32.5 39.2 61.9
3d 5.85 48.6 21.5 47.7 53.1
3e 3.74 40.8 16.0 36.8 43.8
3f 2.86 53.4 33.3 40.4 62.9
3g 2.07 48.4 18.7 34.8 51.9
3h 1.9 47.9 16.3 38.1 60.1
3i 2.29 54.2 22.5 43.2 70.1
3j 2.94 54.8 26.8 47.5 67.6
3k 3.08 44.2 15.7 37.4 50.6
3l 5.55 49.7 32.9 54.0 58.8
(R) Reﬂectance; (a*) red-green axis; (b*) yellow-blue axis; (L*) lightnes
difference; (DH*) hue difference; (DE) total color difference.of DC in Table 1 show that dyes 3i and 3j are brighter than the
parent 3a. The introduction of carboethoxy group in dye 3l
makes this dye brighter than the parent dye 3a, while the intro-
duction of methyl, methoxy and chloro groups in dyes 3c, 3e,
3f, 3g, 3h, and 3i makes each of these dyes darker than the par-
ent dye 3a. The positive value of a* and b* indicates that all
groups shift the color hues of the dye to reddish direction on
the red-green axis and to yellowish direction in the yellow-blue
axis, respectively.
2.2.2. Assessment of color fastness
Most inﬂuences that can affect fastness are light, washing, heat
and perspiration and atmospheric pollution. Conditions of
such tests are chosen to correspond closely to treatments em-
ployed in manufacture and ordinary use conditions (Society
of Dyes and Colorists, 1990). Results are given after usual
matching of tested samples against standard reference (the
gray scale) (Society of Dyes and Colorists, 1990). The results
revealed that these dyes have good fastness properties (Table
2). In conclusion, twelve useful dispersed dyes 3a–l were syn-
thesized by azo coupling. The dyes 3a–l were investigated for
their dyeing characteristic on polyester and showed good light,
washing, heat and acid perspiration fastness. The remarkable
degree of brightness after washings is indicative of good pene-
tration and the excellent afﬁnity of these dyes for the fabric due
to the accumulation of polar groups.
2.3. Antibacterial activity
Sixteen compounds were screened in vitro for their antibacterial
activity against two strains of bacteria Bacillus thuringiensis and
Escherichia coli by the agar diffusion technique (Cruickshank et
al., 1975). A 2 mg/cm3 solution in DMSO was used. The bacte-
ria were maintained on nutrient agar. Dimethylsulfoxide
(DMSO) showed no inhibition zones. The agar media were
incubated with different microorganism cultures tested. After
24 h of incubation at 30 C, the diameter of inhibition zone
(mm) was measured (Table 3). Ampicillin and Chloramphenicol
were purchased from Egyptian market and used in a concentra-
tion 2 mg/mL as references. The results presented in Table 3 re-
vealed that compounds 2, 3a, 3c, 3d, 3g, 3i, 4, 5 and 6 exhibited
interesting high activities compared with the reference drugs.
Compounds 3b, 3e and 3i exhibited moderate activity againstH* DL DC DH DE K/S
41.6 – – – – 24.9
30.4 6.0 8.4 11.2 15.23 8.66
31.7 4.7 1.4 9.9 11.05 28.24
23.9 3.8 10.2 17.7 20.78 7.58
21.4 7.1 19.5 20.2 28.96 12.39
31.9 3.5 0.4 9.7 10.32 16.5
21.1 9.1 11.4 20.5 25.16 23.16
37.1 5.8 3.2 4.5 8.01 25.32
39.4 0.7 6.8 2.2 7.18 20.85
35.9 3.6 4.3 5.7 7.99 16.02
29.3 6.5 12.7 12.3 18.83 15.25
33.3 10.1 4.5 8.3 13.82 8.04
s; (C*) chroma; (H*) hue; (DL*) lightness difference; (DC*) chroma
Table 2 Fastness properties of compounds 3a–l.
Dye Washing, 75 C Rubbing Sublimation Acid perspiration Light, 4 h
Dry Wet 180 C 210 C
3a 4–5 2 3 4–5 4 4–5 6
3b 4–5 2–3 3–4 5 4–5 4–5 5
3c 4–5 1–2 3 4–5 4 4–5 6
3d 4–5 2 3–4 4 3–4 4–5 6
3e 4–5 2–3 4 4–5 4 4–5 5
3f 4–5 2 3 4–5 3–4 4–5 4
3g 4–5 1–2 2–3 3–4 4 4–5 4
3h 4–5 2 3 4–5 3 4–5 6
3i 4–5 2 3–4 3 3 4–5 4
3j 4–5 2 3–4 5 3–4 4–5 6
3k 4–5 1–2 3–4 4 3––4 4–5 4
3l 4–5 2–3 3–4 4 3 4–5 4–5
Table 3 Antibacterial activity of the newly synthesized
compounds.
Compound no. Inhibition zone in mm
Bacillus thuringiensis Escherichia coli
2 26 23
3a 25 22
3b 17 19
3c 28 27
3d 23 24
3e 17 20
3f 16 15
3g 25 20
3h – 15
3i – –
3j 15 20
3k 18 25
3l 20 25
4 27 25
5 21 23
6 25 22
Ampicillin 18 19
Chloramphenicol 23 19
Novel bioactive dyes for dyeing polyester fabrics 169Bacillus thuringiensis and high activity against Escherichia coli.
On the other hand, compound 3h exhibited moderate activity
against Escherichia coli, where as compound 3i has negative
activity against both bacteria. In general, the compounds under
investigation show signiﬁcant activities against Bacillus thuringi-
ensis and Escherichia coli. In conclusion, we report herein a
simple and convenient route for the synthesis of some new 3-
hydroxy-2-naphthoyl)-3,4,4a,5,10,10a-hexahydro-1H-5,10-
benzenobenzo[g]phthalazine-1,4-diones derived from 3-hydro-
xy-naphthoic acid hydrazide with their antibacterial activity.
3. Experimental
3.1. Instruments
All melting points were determined on Gallenkamp electric
melting point apparatus. Thin-layer chromatography (TLC)
analysis was carried out on silica gel 60 F254 precoated alumi-
num sheets. The IR spectra were recorded on FTIR 5300 Spec-
trometer and Perking Elmer Spectrum RXIFT-IR System (k,cm1) using potassium bromide Wafer technique, Faculty of
Science El-Azhar University. The 1H-NMR spectra were deter-
mined on a Varian XL 200 MHz, Faculty of Science, Cairo
University, a Brucker WP 300 Georg–August University,
Gottingen, Germany and a Brucker AC 300 Eberhard-Karls
University, Tubingen, Germany, in CDCl3 or DMSO solvent
using tetramethylsilane (TMS) as internal standard. Mass
spectra were recorded on GC–MS QP-1000 EX. Schimadzye
(Japan) at Faculty of Science, Cairo University, ESI MS with
Quattro Triple Quadruple Mass Finingan MAT–Incos 50 ESI-
LCQ (Finingan), Georg–August University Gottingen, Ger-
many and FAB+ Q3MS LMR UP LR, Eberhard-Karls
University, Tubingen, Germany. Elemental analyses (C, H
and N) were carried out at the Microanalytical Center of Cairo
Univ., Giza, Egypt. The dyeing assessment, fastness tests, and
color measurements were carried out in El-Nasr Company
for Spinning and Weaving El-Mahalla El-Kubra, Egypt.
Dibenzobarellene (1, 276.29), m.p.: 266 C [(Clar, 1931) 262–
263 C] and 3-hydroxy-2-naphthoic acid hydrazide was pur-
chased from Sigma.3.1.1. Synthesis of 2-(-3-hydroxy-2-naphthoyl)-3,4,4a,5,10,10a-
hexahydro-1H-5,10-benzeno-benzo[g]phthalazine-1,4-dione
(2)
To a suspension of dibenzobarallene (1) (2.76 g, 0.01 mol) in
DMF (20 mL), 3-hydroxy-2-naphthoic hydrazide (2.1 g,
0.01 mol) was added. The reaction mixture was heated under
reﬂux for 4 h. The obtained product after pouring into ice
was ﬁltered, dried and recrystallized from a mixture of etha-
nol-benzene to give 4.144 g (90%) 2, red powder. m.p.:
295 C; 1H-NMR (200 MHz, DMSO) d: 3.6 (s, 2H, C11-H,
C12-H), 4.9 (s, 2H, C9-H, C10-H), 7.1–8.3 (m, 14H, Ar H),
10.6 (s, 1H, NH), 11.1 (s, 1H, OH); IR (KBr) m: 3316, 3174
(NH, OH), 1796, 1730, 1652 cm1 (CO). Calc for
C29H20N2O4; C 75.64, H 4.38, N 6.08; Found C 75.72, H
4.43, N 6.13.
3.1.2. General procedure for the synthesis of 2-(-3-hydroxy-4-
arylazo-2-naphthoyl)-3,4,4a,5,10,10a-hexahydro-1H-5,10-
benzenobenzo[g]phthalazine-1,4-diones 3a–l
The cold solution of appropriate diazotized aromatic amine
(0.01 mole) was added gradually with stirring to a cold solution
of 5 (4.6 g, 0.01 mol) in sodium hydroxide solution (5%,
170 A.E.-G.M. Khalil et al.60 mL). The reaction mixture was then stirred for further 4 h,
and the formed precipitate was ﬁltered, washed with water,
air dried and recrystallized from ethanol to give derivatives
3a–l.
3.1.2.1. 2-(-3-Hydroxy-4-phenylazo-2-naphthoyl)-3,4,4a,5,10,
10a-hexahydro-1H-5,10-benzenobenzo[g]phthalazine-1,4-dione
(3a). 4.065 g (72%) 3a. m.p.: 273 C; IR (KBr): 1H-NMR
(200 MHz, DMSO) d: 3.3 (s, 2H, C11-H, C12-H), 4.9 (s, 2H,
C9-H, C10-H), 7.1–8.4 (m, 18H, Ar-H), 10.9 (br s, 1H, NH),
16.3 (br s, 1H, NH, hydrazo); IR (KBr) m: 3232 (OH), 3162
(NH), 1730, 1654 (CO), 1500 cm1 (N‚N). Calc for
C35H24N4O4; C 74.46, H 4.28, N 9.92; Found C 74.52, H
4.36, N 9.87.
3.1.2.2. 2-(-3-Hydroxy-4-(p-tolylazo)-2-naphthoyl)-3,4,4a,5,
10,10a-hexahydro-1H-5,10-benzenobenzo[g]phthalazine-1,4-
dione (3b). 4.282 g (74%) 3b. m.p.: >315 C; 1H-NMR
(200 MHz, DMSO) d: 2.4 (s, 3H, CH3), 3.4 (s, 2H, C11-H,
C12-H), 4.8 (s, 2H, C9-H, C10-H), 7.1–8.8 (m, 17H, Ar H),
10.8 (br s, 1H, NH) and 16.9 (br s, 1H, NH, hydrazone); IR
(KBr) m: 3240 (OH), 3150 (NH), 1732, 1650 (CO), 1550 cm1
(N‚N); (+)-ESI Mass spectrum showed two quasi-molecular
ion peaks at 601([M+Na]+) and 1179 ([2M+Na]+), pointing
578 as the molecular mass of the compound. Calc for
C36H26N4O4; C 74.73, H 4.53, N 9.68; Found C 74.78, H
4.56, N 9.72.
3.1.2.3. 2-(-3-Hydroxy-4-(m-tolylazo)-2-naphthoyl)-3,4,4a,5,
10,10a-hexahydro-1H-5,10-benzenobenzo[g]phthalazine-1,4-
dione (3c). 3.877 g (67%) 3c. m.p.: 242 C; 1H-NMR
(200 MHz, DMSO) d: 2.4 (s, 3H, CH3), 3.4 (s, 2H, C11-H,
C12-H), 4.9 (s, 2H, C9-H, C10-H), 7.2–8.4 (m, 17H, Ar-H),
10.9 (br s, 1H, NH), 16.8 (br s, 1H, NH, hydrazo); IR (KBr)
m: 3214 (OH, NH), 1735, 1648 (CO), 1552 cm1 (N‚N). Calc
for C36H26N4O4; C 74.73, H 4.53, N 9.68; Found C 74.80, H
4.58, N 9.73.
3.1.2.4. 2-(-3-Hydroxy-4-(o-tolylazo)-2-naphthoyl)-3,4,4a,5,
10,10a-hexahydro-1H-5,10-benzenobenzo[g]phthalazine-1,4-
dione (3b). 3.703 g (64%) 3d. m.p.: 300 C; 1H-NMR
(200 MHz, DMSO) d: 2.4 (s, 3H, CH3), 3.3 (s, 2H, C11-H,
C12-H), 4.9 (s, 2H, C9-H, C10-H), 7.2–8.5 (m, 17H, Ar-H),
10.8 (br s, 1H, NH), 16.3 (br s, 1H, NH, hydrazo); IR (KBr)
m: 3290 (OH, NH), 1724 (CO), 1540 cm1 (N‚N). Calc for
C36H26N4O4; C 74.73, H 4.53, N 9.68; Found C 74.79, H
4.62, N 9.89.
3.1.2.5. 2-(-3-Hydroxy-4-(p-methoxyphenylazo)-2-naphthoyl)-
3,4,4a,5,10,10a-hexahydro-1H-5,10-benzenobenzo[g]phthal-
azine-1,4-dione (3e). 4.757 g (80%) 3e. m.p.: 302 C; 1H-NMR
(200 MHz, DMSO) d: 3.4 (s, 2H, C11-H, C12-H), 3.9 (s, 3H,
OCH3), 4.9 (s, 2H, C9-H, C10-H), 7.1–8.6 (m, 17H, Ar-H),
10.8 (br s, 1H, NH) and 16.6 (br s, 1H, NH, hydrazone); IR
(KBr) m: 3227 (OH), 3152 (NH), 1734, 1662 (CO), 1548
(N‚N) cm1. Calc for C36H26N4O5; C 72.72, H 4.41, N,
9.42; Found C 72.70, H 4.46, N 9.51.
3.1.2.6. 2-(-3-Hydroxy-4-(m-methoxyphenylazo)-2-naphthoyl)-
3,4,4a,5,10,10a-hexahydro-1H-5,10-benzenobenzo[g]phthal-
azine-1,4-dione (3f). 3.865 g (65%) 3f. m.p.: 246 C; 1H-NMR
(200 MHz, DMSO) d: 3.4 (s, 2H, C11-H, C12-H), 3.9 (s, 3H,OCH3), 4.9 (s, 2H, C9-H, C10-H), 7.0–8.7 (m, 17H, Ar-H),
10.9 (br s, 1H, NH), 16.5 (br s, 1H, NH, hydrazo); IR (KBr)
m: 3250 (OH), 3120 (NH), 1730, 1682 (CO), 1554 cm1
(N‚N). Calc for C36H26N4O5; C 72.72, H 4.41, N 9.42; Found
C 72.74, H 4.47, N 9.43.
3.1.2.7. 2-(-3-Hydroxy-4-(o-methoxyazo)-2-naphthoyl)-3,4,
4a,5,10,10a-hexa-hydro-1H-5,10-benzenobenzo[g]phthalazine-
1,4-dione (3g). 4.043 g (68%) 3g. m.p.: 294 C; 1H-NMR
(200 MHz, DMSO) d: 3.3 (s, 2H, C11-H, C12-H), 3.9 (s, 3H,
OCH3), 4.8 (s, 2H, C9-H, C10-H), 7.2–8.3 (m, 17H, Ar-H),
11.0 (br s, 1H, NH), 16.7 (br s, 1H, NH, hydrazo); IR (KBr)
m: 3230 (OH), 3160 (NH), 1728, 1670 (CO), 1552 (N‚N) cm
1. Calc for C36H26N4O5; C 72.72, H 4.41, N 9.42; Found C
72.78, H 4.48, N 9.53.
3.1.2.8. 2-(-3-Hydroxy-4-(p-chlorophenylazo)-2-naphthoyl)-3,
4,4a,5,10,10a-hexahydro-1H-5,10-benzenobenzo[g]phthalazine-
1,4-dione (3h). 5.092 g (85%) 3h. m.p.: 291 C; 1H-NMR
(200 MHz, DMSO) d: 3.4 (s, 2H, C11-H, C12-H), 4.8 (s, 2H,
C9-H, C10-H), 7.1–8.6 (m, 17H, Ar-H), 10.6 (br s, 1H, NH),
16.2 (br s, 1H, NH, hydrazo); IR (KBr) m: 3235, (OH), 3164
(NH), 1732, 1680 (CO), 1554 (N‚N) cm1. Calc for
C35H23ClN4O4; C 70.18, H 3.87, N 9.35; Found C 70.15, H
3.85, N 9.31.
3.1.2.9. 2-(-3-Hydroxy-4-(m-chlorophenylazo)-2-naphthoyl)-3,
4,4a,5,10,10a-hexahydro-1H-5,10-benzenobenzo[g]phthalazine-
1,4-dione (3i). 4.792 g (80%) 3i. m.p.: 301 C; 1H-NMR
(200 MHz, DMSO) d: 3.5 (s, 2H, C11-H, C12-H), 4.9 (s, 2H,
C9-H, C10-H), 7.3–8.6 (m, 17H, Ar-H), 10.7 (br s, 1H, NH),
16.3 (br s, 1H, NH, hydrazo); IR (KBr) m: 3250, (OH), 3170,
(NH), 1734, 1677 (CO), 1551 cm1 (N‚N). Calc for
C35H23ClN4O4; C 70.18, H 3.87, N 9.35 Found C 70.23, H
3.95, N 9.42.
3.1.2.10. 2-(-3-Hydroxy-4-(p-bromophenylazo)-2-naphthoyl)-
3,4,4a,5,10,10a-hexahydro-1H-5,10-benzenobenzo[g]phthal-
azine-1,4-dione (3j). 4.891 g (76%) 3j. m.p.: >315 C; 1H-
NMR (200 MHz, DMSO) d: 3.3 (s, 2H, C11-H, C12-H), 4.9
(s, 2H, C9-H, C10-H), 7.2–8.7 (m, 17H, Ar-H), 11.0 (br s,
1H, NH), 16.3 (br s, 1H, NH, hydrazo); IR (KBr) m: 3200
(OH, NH), 1732, 1674 (CO), 1548 cm1 (N‚N). Calc for
C35H23BrN4O4; C 65.33, H 3.60, N 8.71; Found C 65.37, H
3.64, N 8.77.
3.1.2.11. 2-(-3-Hydroxy-4-(p-nitrophenylazo)-2-naphthoyl)-3,
4,4a,5,10,10a-hexahydro-1H-5,10-benzenobenzo[g]phthalazine-
1,4-dione (3k). 4.999 g (82%) 3k. m.p.: 312 C; 1H-NMR
(200 MHz, DMSO) d: 3.3 (s, 2H, C11-H, C12-H), 4.8 (s, 2H,
C9-H, C10-H), 7.1–8.1 (m, 17H, Ar-H), 11.1 (br s, 1H, NH),
16.1 (br s, 1H, NH, hydrazo); IR (KBr) m: 3281, (OH), 3180,
(NH), 1732, 1678 (CO), 1504, 1328 cm1 (N‚N, NO2). Calc
for C35H23N5O6; C 68.96, H 3.80, N 11.49; Found C 68.99,
H 3.85, N 11.56.
3.1.2.12. 2-(-3-Hydroxy-4-(p-carboethoxyphenylazo)-2-naph
thoyl)-3,4,4a,5,10,10a-hexa-hydro-1H-5,10-benzenobenzo[g]
phthalazine-1,4-dione (3l). 4.775 g (75%) 3l. m.p.: 183 C; 1H -
NMR (200 MHz, CDCl3) d: 1.4 (t, 3H, CH3, J= 7.2 Hz), 3.4
(s, 2H, C11-H, C12-H), 4.4 (q, 2H, CH2O, J= 7.2 Hz), 4.9 (s,
2H, C9-H, C10-H), 7.1–7.6 (m, 17H, Ar-H), 10.6 (br s, 1H,
Novel bioactive dyes for dyeing polyester fabrics 171NH), 16.3 (br s, 1H, NHhydrazone); IR (KBr) m: 3290, (OH,
NH), 1726, 1674, 1660 (CO), 1550 cm1 (N‚N); (+)-ESI
Mass spectrum showed two quasi-molecular ion peaks at 659
([M+Na]+) and 1296 ([2M+H+Na]+), the ()-ESI mass
spectrum showed one quasi-molecular ion peak at 635 ([M-
H]) pointing 636 as the molecular mass of the compound.
Calc for C38H28N4O6; C 71.69, H 4.43, N 8.80; Found C
71.78, H 4.46, N 8.86.
3.1.3. Synthesis of 2-(3-hydroxy-4-nitro-2-naphthoyl)-3,4,4a,5,
10,10a)-hexahydro-1H-5,10-benzeno-benzo[g]phthalazine-1,4-
dione (4)
To a mixture of conc. HNO3 (0.5 mL), acetic acid (4 mL) and
drops of conc. H2SO4, 2 (0.3 g, 65 x 10
3) was added. The reac-
tion mixture was heated on a water bath at 60–70 C. The ob-
tained product after pouring into ice-cold water was ﬁltered,
dried and recrystallized from DMF-ethanol mixture to give
0.25 g 4 (76%). m.p.: >320 C; 1H-NMR (200 MHz, DMSO)
d: 3.4 (s, 2H, C11-H, C12-H), 4.9 (s, 2H, C9-H, C10-H), 7.2–8.5
(m, 13H, Ar-H), 10.3 (br s, 1H, NH), 11.3 (br s, 1H, OH); IR
(KBr) m: 3240, 3170 (NH, OH), 1696, 1650 (CO) and 1550,
1308 cm1 (NO2); MS (70 eV) m/z (%): 505 (M
+, 25.5), 459
(19.1), 217 (100), 204 (8.9), 202 (25.2), 178 (98), 77 (27.6). Calc
for C29H19N3O6; C 68.91, H 3.79, N 8.31; Found C 68.96, H
3.83, N 8.37.
3.1.4. Synthesis of 2-(-3-hydroxy-4-nitroso-2-naphthoyl)-3,4,4a,
5,10,10a)-hexahydro-1H-5,10-benzeno-benzo[g]phthalazine-
1,4-dione (5)
To a cold solution of 2 (0.46 g, 0.001 mol) in a mixture of
DMF and AcOH (15 mL; 1:2 V), an aqueous solution from
NaNO2 (0.07 g; 0.001 mol) in H2O was added dropwise with
continuous stirring. The reaction mixture was stirred for fur-
ther 2 h. The precipitated solid was ﬁltered, dried and crystal-
lized from ethanol to give 0.4 g 5 (83%). m.p.: 320 C; 1H-
NMR (200 MHz, DMSO) d: 3.4 (s, 2H, C11-H, C12-H), 4.9
(s, 2H, C9-H, C10-H), 7.3–8.4 (m, 13H, Ar-H), 10.8 (br s,
1H, NH), 11.2 (br s, 1H, OH); IR (KBr) m: 3248, (br NH,
OH), 1728, 1650 (CO), 1448 cm1 (NO); MS (70 eV) m/z
(%): 459 (M+NO, 0.9), 393 (0.8), 339 (1.1), 313 (1.5), 311
(1.7), 289 (1.3), 260 (0.9), 204 (0.6), 202 (2.7), 178 (100), 170
(4.0), 76 (8.4), 57 (18.2). Calc for C29H19N3O5; C 71.16, H
3.91, N 8.58; Found C 71.22, H 3.95, N 8.60.
3.1.5. Synthesis of 2-(3-hydroxy-4-bromo-2-naphthoyl)-3,4,4a,
5,10,10a)-hexahydro-1H-5,10-benzeno-benzo[g]phthalazine-1,
4-dione (6)
A mixture of bromine (0.8 g; 0.005 mol) in glacial acetic acid
(15 mL) was added dropwise over a period of 15 min. to a
hot solution of 2 (2.3 g; 0.005 mol) in acetic acid (40 mL).
The reaction was heated on a water bath for 2 h and left
to cool at room temperature. The reaction was poured onto
ice-cold water and the precipitated solid was ﬁltered off,
washed with water and crystallized from a mixture of etha-
nol-benzene to give 2.1 g 6 (78%). m.p.: 232 C; 1H-NMR
(200 MHz, DMSO) d: 3.4 (s, 2H, C11-H, C12-H), 4.9 (s,
2H, C9-H, C10-H), 7.4–8.5 (m, 13H, Ar-H), 10.7 (br s, 1H,
NH), 11.3 (br s, 1H, OH); IR (KBr) m: 3442, 3182 (NH,
OH), 1726, 1666 (CO) cm1; MS (70 eV) m/z (%): 540
(M++2, 2.5), 538 (M+, 2.6), 459 (3.50), 313 (2.2), 250
(11.4), 222 (2.6), 178 (100), 171 (13.4), 55 (15.0). Calc forC29H19BrN2O4; C 64.58, H 3.55, N 5.19; Found C 64.63,
H 3.52, N 5.15.
3.2. Dyeing procedures
3.2.1. Preparation of dye dispersion
The required amount of dye (2% shade) was dissolved in suit-
able solvent (DMF) and added drop wise with stirring to a
solution of Dekol-N (2 g/dm3), an anionic dispersing agent
of BASF, then the dye was precipitated in a ﬁne dispersion
ready for use in dyeing.
3.2.2. Dyeing of polyester at 130 C under pressure using
Levegal PT (carrier of Bayer) as a carrier
The dye bath (1:20 liquor ratio), containing 5 g/dm3 Levegal
PT (Bayer) as carrier, 4% ammonium sulfate, and acetic acid
at pH 5.5, was brought to 60 C, the polyester fabric was en-
tered and run for 15 min. 2% Dye in the ﬁne dispersion was
added, temperature was raise to the boil within 45 min, dyeing
was continued at the boil for about 1 h, then dyed material was
rinsed and soaped with 2% nonionic detergent to improve rub-
bing and wet fastness.3.3. Assessment of color fastness (Tables 2)
3.3.1. Fastness to washing
A specimen of dyed polyester fabric was stitched between two
pieces of undyed cotton fabric, all of equal diameter, and then
washed at 50 C for 30 min. The staining on the un-dyed adja-
cent fabric was assessed according to the following gray scale:
1-poor, 2-fair, 3-moderate, and 4- good, 5-excellent.
3.3.2. Fastness to perspiration
The samples were prepared by stitching pieces of dyed polyes-
ter fabric between two pieces of undyed cotton fabric, all of
equal diameters and then immersing in the acid medium for
30 min. The staining on the undyed adjacent fabric was as-
sessed according to the following gray scale: 1-poor, 2-fair,
3-moderate, and 4-good, 5-excellent. The acid solution (pH
3.5) contained sodium chloride 10 g/l, lactic acid 1 g/dm3, diso-
dium orthophosphate 1 g/dm3 and histidine monohydrochlo-
ride 0.25 g/dm3.3.3.3. Fastness to rubbing
The dyed polyester fabric was placed on the base of crockme-
ter (Atlas electronic type) so that it rests ﬂat on the abrasive
cloth with its long dimension in the direction of rubbing. A
square of white testing cloth was allowed to slide on the tested
fabric back and forth twenty times by making ten complete
turns of the crank. For wet rubbing test, the testing square
was thoroughly wet in distilled water. The rest of the proce-
dure is the same as the dry test. The staining on the white test-
ing closed was assessed according to gray scale: 1-poor, 2-fair,
3-moderate, and 4-good, 5-excellent.
3.3.4. Fastness to sublimation
Sublimation fastness was measured with an iron tester (Yas-
uda no. 138). The samples were prepared by stitching pieces
of dyed polyester fabric between two pieces of undyed polyes-
172 A.E.-G.M. Khalil et al.ter, all of equal diameter, and then treated at 180 and 210 C
for 1 min. Any staining on the undyed adjacent fabric or
change in tone was assessed according to the following gray
scale: 1-poor, 2-fair, 3-moderate, and 4-good, 5-excellent.
3.3.5. Fastness to light
Light fastness was determined by exposing the dyed polyester
on a Xenotest 150 [Original Hanau, chamber temperature 25–
30 C, black panel temperature 60 C, relative humidity 50–
60%, and dark glass (UV) ﬁlter system] for 40 h. The changes
in color were assessed according to the following blue scale: 1-
poor, 3-moderate, 5-good, and 8-very good.
3.4. Color assessment
Table 1 reports the color parameters of the dyed fabrics as-
sessed by tristimulus colorimetry. The color parameters of
the dyed fabrics were determined using spectro multichannel
photodetector (model MCPD1110A), equipped with a D65
source and barium sulfate as a standard blank. The values of
the chromaticity coordinates, luminance factor and the posi-
tion of the color in the CIE-LAB color solid are reported.
3.5. In vitro antimicrobial activity
The tested compounds were evaluated by the agar diffusion
technique (Cruickshank et al., 1975), using a 2 mg/mL solution
in DMSO. The test organisms were Bacillus thuringiensis as
Gram-positive bacteria and Escherichia coli as Gram-negative
bacteria. A control using DMSO without the test compound
was included for each organism. Ampicillin and Chloramphen-
icol in DMSO were used as reference drugs.Acknowledgements
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